Abstracts
Caroline Melles, United States Naval Academy Non-special divisors on graphs 2:15 PM, Room 157, Bioscience Education Center The concept of a non-special divisor on a graph is central to Baker and Norine's proof of the Riemann-Roch theorem for graphs. Non-special divisors also have beautiful connections with other areas of graph theory and combinatorics. An ordered Dhar's algorithm due to Cori and Le Borgne can be used to show that the number of non-special divisors on a graph is the value of the Tutte polynomial T(x,y) evaluated at x=1, y=0. Several interpretations of non-special divisors will be discussed, with simple examples.
Roland Minton, Roanoke College Modeling March Madness 2:15 PM, Room 158, Bioscience Education Center
The NCAA Men's Basketball Tournament is known as March Madness because of the unpredictable upsets that occur each year. Despite this, there are surprising regularities in the results over the years. Two models of the probability of seed i defeating seed j are developed, and used to evaluate the accuracy of the tournament committee's seeding, and to explain why it is better to be a #10 seed than a #8 seed.
Heather Moon, St. Mary's College of Maryland Heat Flow Inspiring Eigenstuff and Diagonalizability

3:05 PM, Room 110, Bioscience Education Center
In this talk, I will discuss a classroom module created by my collaborators and I. In these modules we use Diffusion Welding and heat flow to inspire topics in Linear Algebra such as Eigenvectors and Eigenvalues. I will also discuss how using this modules has my students wanting to diagonalize a matrix.
Raina Robeva, Randolph-Macon College
Boolean models in population biology? You better believe it! 9:00 AM, Room 158, Bioscience Education Center Boolean and polynomial models of biological systems have emerged recently as viable companions to differential equations models. It is not immediately clear however whether such models are capable of capturing multi-stability: this behavior is often sensitive to changes in the values of the model parameters, while Boolean and polynomial models are qualitative in nature. In the past few years, Boolean models of gene regulatory systems have been shown to capture multi-stability at the molecular level, confirming that such models can be used when precise information regarding its parameters may not be available. The talk presents Boolean models of budworm outbreaks in a forest and demonstrates that these models exhibit a qualitative behavior consistent with that derived from ODE models. The models can also capture the bistable nature of insect population outbreaks, thus showing that Boolean models can be utilized successfully beyond the molecular level.
Prasad Senesi, The Catholic University of America An algebraic approach to voting manipulation 8:35 AM, Room 157, Bioscience Education Center The Borda Count method is commonly used to determine an aggregate social choice of an election when candidates are fully ranked. But it is not without its faults. This voting method violates a compelling voting criterion known as Independence of Irrelevant Alternatives. In this talk we present an algebraic/geometric method of describing this criterion and its violations, using some elementary representation theory of the symmetric group. This algebraic approach adapts to linear generalizations of the Borda Count method, which we will describe as well. 
Abstracts
Descriptive Geometry was developed by Gaspard Monge in the 18th century and quickly became an important part of the education of engineers and architects, as well as mathematicians. This area of geometry uses projections to exhibit the properties of three-dimensional objects on the plane. French mathematician A. Jullien wrote a popular text book on descriptive geometry at the start of the 19th century. As an aide to learning, he also developed a set of thirty physical models to exhibit how the projections are made. In this talk I will give a brief history and overview of descriptive geometry. We will also take a look at a few of the Jullien models and see how they bridge the gap between three dimensional objects and two-dimensional projections.
Thomas Sonnabend, Montgomery College
The (Imaginary) History of (the Until Now Unknown) QED Bernoulli 3:05 PM, Room 157, Bioscience Education Center In the spirit of PDQ Bach, the speaker looks at the imaginary and silly mathematical ideas of QED Bernoulli. As you may not know, QED Bernoulli had unique ideas about algebra, geometry, trigonometry, and calculus. His collected work includes Quadrometry, Differential Inequalities, and Unrelated Rates Problems as well as disproving Fermat's Last Theorem.
Eva Strawbridge, James Madison University
Transport of fluid by rotating helices at a microscale Level 9:25 AM, Room 158, Bioscience Education Center We modeled fluid flow induced by helical flagella attached to a plane wall, rotating in a viscous (stokesian) fluid using the method of regularized stokelets with the method of images to account for the presence of a plane wall. The purpose of this work was to study the transport of fluid and well as nonzero volume particles by bacterial carpets. This work has applications to biology as well as microfluidics.
Mary Wall, Montgomery College Calculating the Surface Area of Smooth Manifolds Embedded in 4 Dimensions
8:10 AM, Room 157, Bioscience Education Center
Surface integrals are almost always presented to undergraduate students in the context of surfaces embedded in R^3, which leads some curious students to wonder about the more general case. In this expository talk I will discuss surface integrals in dimensions greater than 3 (without introducing the complex topic of differential forms), using the idea of the Gram matrix to construct differential surface area elements. Whether you employ inquiry-based activities via POGIL, in a flipped classroom, using project-based learning, or in some other context, it's all good! This panel will be a swap session for those who use or are intrigued by any or all of the above. We are interested in sharing and hearing stories of enthusiasms, frustrations, and triumphs associated with inquiry-based learning. "Inquiry-based learning" in undergraduate mathematics is a method of teaching where students routinely solve non-routine problems, and the primary mode of content delivery is through problem-solving tasks and presentations. In some IBL classes, students spend most of their class time working in small groups to develop the key ideas in a course. The amount of debris, whether it is artificial or natural, caught in Earth's orbit is a rapidly growing concern due to the damage done to space craft upon collision. The extremely high velocity of the debris makes it difficult to capture and remove. There have been multiple propositions for removal methods but they have not been implemented. We have analyzed various methods that have already been proposed as well came up with our own solution to the problem.
Faculty Panels by Organizer
Christopher Broll, Loyola University Maryland Exact Values of Gamma Star Function 8:35 AM, Room 163, Bioscience Education Center
Note that this project investigates a topic in number theory, a subject of pure mathematics. The function Γ^* (k) represents the fewest number of variables such that the congruence a_1 x_1^k+ a_2 x_2^k+ a_3 x_3^k+⋯+a_n x_n^k ≡0 (mod m) has nontrivial solutions, that is at least one variable is not equal to zero (i.e., at least one variable is relatively prime to the modulus m) for all integers m and integer choices a_i. In 1963, Davenport and Lewis found the upper bound Γ^* (k)≤ k^2+1, which has equality when the integer k + 1 is a prime number. Additionally, they proved that Γ^* (3)=7 and Γ^* (5)=16. Four years later, in 1967, using their results, Dodson proved that Γ^* (7)=22 and Γ^* (9)=37; and in 1974, Bovey proved that Γ^* (8)=39. In 1966, Norton showed that Γ^* (11)=45. Γ^* (k) has been evaluated for every degree k less than 37. Accordingly, in this paper, we are interested in finding the next three values, that is Γ^* (37),Γ^* (38) and Γ^* (39). We will prove the following: Theorem Γ^* (37)=186, Γ^* (38)=229, and Γ^* (39)=235. See the following webpage for a general, non-technical research description of Dr. Knapp's research, which is related to this project: http://evergreen.loyola.edu/mpknapp/www/research.html Abstracts Chelsey Clement, Salisbury University Emily Marinucci, Salisbury University Analysis of Best Subsets for Transfer Payloads 2:15 PM, Room 163, Bioscience Education Center Our research aims to investigate how to maximize profit and shipment net weights for a large international company. We use sample data to determine which variables are correlated in order for the company to achieve their goal of better understanding: shipment net weight, number of shipment pallets, cost per mile, cost per pound per mile and the average weight of the pallets. We perform a regression analysis, order to determine which variables are correlated to maximize profits. There is enough evidence to suggest that our explanatory variables, the number of shipment pallets and cost per pound per mile, are significant predictors of shipment net weight. This surprising result suggests that increasing the average weight of the pallets will maximize the company's overall profit.
James Dean, Hood College Optimal Digital Filtering Techniques for the Analysis of Pore Water Pressure 2:40 PM, Room 162, Bioscience Education Center
Debris flows are a geological phenomenon that occur in mountainous landscapes and consist of a complex mixture of saturated sediments ranging from silt to boulders. It has been theorized that pore pressure, the pressure exerted by interstitial fluid, is a contributor to the levels of entrained sediments in a debris flow and to overall flow behavior. In laboratory flume experiments using 3 m. flume apparatus at the University of Minnesota, machine noise and particle collisions caused a great amount of noise in pore pressure data. For this reason, it is necessary to establish the most efficient method of data filtration. This study tests the efficiency of the Butterworth and Chebyshev 1 digital filters of increasing order n. The Butterworth filter has maximally flat pass and stop bands and a smooth transition period at a defined cutoff frequency &#969;c that steepens as n increases. The Chebyshev 1 filter has a steeper roll-off, reducing the length of the transition period, but has a ripple effect in the pass band as an artifact of the Chebyshev polynomial, which may cause data distortion. These are implemented as low-pass filters to remove system white noise and stop-band filters to remove wave-forms that occur as a result of flume vibrations at the onset of each experiment. Establishing the most effective and efficient digital filter can contribute to the standards of small-scale flume experimentation.
Kyle Flanagan, St. Mary's College of Maryland Algebraic Dynamics of a One-Parameter Family of Cubic Rational Functions 9:00 AM, Room 162, Bioscience Education Center Dynamical systems have been studied for over a century, and involve the study of iterated functions. The methods used for studying these systems can range from analytic to algebraic. My approach is more algebraic, and uses ideas from number theory and algebraic geometry. A recent paper in algebraic dynamics developed techniques for analyzing cubic polynomials. In this presentation I begin to extend these results to a one-parameter family of cubic rational functions, namely the functions of the form f(x) = (x^3 + c)/x = x^2 + c/x. Peter Gartland, The Catholic University of America Jordan Decomposition and Semisimple Lie Algebras 3:05 PM, Room 158, Bioscience Education Center Jordan decomposition provides a valuable tool in the study of Lie algebras. Some theorems relating to semsimple Lie algebras allow the notion of Jordan decomposition to be extended to all semismiple Lie algebras through 'abstract' Jordan decomposition. In this presentation I will show that if the hypotheses of the theorems are weakened, counterexamples arise, and how this implies that Jordan decomposition cannot be extended to more general classes of Lie algebras. The Fibonacci word fractals are a class of fractals that have been studied recently, though the word they are generated from is more widely studied in combinatorics. The Fibonacci word can be used to draw a curve which possesses selfsimilarities determined by the recursive structure of the word. The Hausdorff dimension of the scaling limit of the finite Fibonacci word curves is computed and these computations are generalized to a larger family of fractals. Kickstarter is the most successful money for goods (MFG) crowdfunding website in the world, bringing in $7,000,000 in pledges towards projects each month. The motivation for individuals to donate to these projects is a mixture of normal economic motivations and the benefits of donating to charity. The dynamics behind money for goods crowdfunding of driven by economic and charitable motivations together is not well understood and hence deserving of closer examination.
Amos
Codie Lewis, James Madison University Numerical Data Regarding the Cohen-Lenstra Conjectures on Real Quadratic Fields 2:15 PM, Room 162, Bioscience Education Center
Class groups of quadratic fields (the rational numbers together with the square root of a nonsquare integer) provide a way to quantify how badly the field violates unique factorization. We performed a numerical investigation into predictions made by Cohen and Lenstra about the frequency of patterns in the distribution of class groups for each such field. Data was obtained up to a discriminant bound of 4 million for the purpose of establishing a baseline from which more complete studies may be performed. The particular heuristic of concern to us predicts that the percentage of class groups of real quadratic fields with square-free discriminant which contain a p-part in their torsion asymptotically approaches a specific infinite product as the bound on the discriminant is taken to infinity. As it has been suggested that there exits a discrepancy between the conjectured probabilities and the data, we calculated the statistics for p=3,5,7 and used curve fitting to explore secondary terms of the form CX^s for each p.
Christopher Lloyd, University of Mary Washington
The Ko-Lee Key Exchange Protocol with Generalized Dihedral Groups 2:40 PM, Room 158, Bioscience Education Center Given an arbitrary abelian group A, one may form the generalized dihedral group D(A). As D(A) is usually non-abelian, this makes it a possible candidate for use with certain non-commutative key exchange protocols. Specifically, we examine the security of using D(A) with the Ko-Lee key exchange protocol. An appropriate presentation for D(A) is developed alongside computational methods that allow for the effective use of D(A) with Ko-Lee. Lastly we show that under this presentation Ko-Lee is susceptible to a polynomial time attack. For Non-Small Cell lung cancer patients, the NCCN guidelines do not currently recommend PET scans to be used in followup. PET scans are proven to detect recurrences early than CT scans alone. This has prompted many doctors to begin incorporating PET scans into follow-up. What has not been evaluated yet is whether PET scans being able to detect these recurrences earlier is effecting patient survival. PET scans are significantly more expensive than CT scans, so it is important
Samantha Maillie, Salisbury University
